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EXTRACTING KNOWLEDGE FROM WITHIN DESIGN
PROCESSES: AN EMERGING ISSUE FOR IS RESEARCH

Francesca Ricciardi, Università Cattolica, Milan, Italy. francesca.ricciardi@unicatt.it
Marco De Marco, Università Cattolica, Milan, Italy. marco.demarco@unicatt.it

Abstract
One of the main purposes of design science research is to extract at least a part of the knowledge
which is produced by, or is hidden in, the design process, and that would risk to remain inaccessible
to ex-post field research.
During design processes, in fact, significant amounts of knowledge are usually gathered, produced
and used, in different forms such as, for example, descriptions, explanations, habits, worries,
prejudices, procedures or warnings; but this heritage is somewhat fragile. In effect, since the natural
purpose of designing is to build something that works, design practitioners tend to consider a huge
part of the knowledge produced during the process as a sort of byproduct, which is not worth
significant efforts to make it deliverable, shareable or testable. Moreover, some of the actors may be
willing to deliberately hide or forget some aspects of the process. As a consequence, after the design
process is completed and the artifact is implemented, there is often a rapid decay of the possibilities to
access much of the knowledge that was tacitly or explicitly developed during the process.
Also to overcome such problems, we suggest that academic research should enhance its active
involvement in the design of socio-technical systems. In our study, thanks to a model built on
evolutionary epistemology, we identified 8 categories of knowledge goals for design science research.
On the basis of these 8 types of possible contributions to resilient knowledge building from within the
design process, we propose a sort of guideline for academic researchers engaged in design
challenges, independently from the design methods or techniques they adopt, independently from what
they are contributing to build, and even independently from the actual success of the final artifact. We
sought to demonstrate that design research “from within” may result not only in successful
innovations, such as new information systems, but also in a decisive boost to the learning
performances of our scholarly community.
.
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INTRODUCTION

Whilst there is consensus on the growing importance of design oriented research in Information
Systems (March and Storey, 2008), there are several different positions on its epistemological status,
on its goals and on its outcomes (Vaishnavi and Kuechler 2004). This immature disciplinary status is
influenced by the fact that design oriented research is often proposed and perceived as a competitor of
traditional behavioral research (Österle et al., 2010) in the scholarly publication market. As a
consequence, design oriented research is often defined “as opposed to” behavioral research. It is often
said, for example, that the main goal of behavioral research is to build sound theories, whilst the main
goal of design oriented research is to build successful artifacts (March and Smith, 1995); that
behavioral research is descriptive in nature, whilst design oriented research is prescriptive in nature
(Hevner et al., 2004); that the main concern is truth for behavioral research, whilst it is utility for
design oriented research (Simon, 1996). But let’s think, for example, to the titanic particles accelerator
built for the CERN in Geneva: in that case, like in many others, it is hard to philosophically separate
prescriptive and descriptive knowledge, pursue of truth and efforts to build something that works,
successful theories and successful artifacts. That’s why we think that some approaches to design
oriented research, that tend to artificially separate what is a multi-faceted, integrated whole (Rossi and
Sein, 2003), are weak if confronted with reality; in the shade of this weakness, many different
interpretations of what design research is are burrowing their niches (Venable, 2006). In a smaller
scale, there is a similar lack of consensus on how design oriented research may be defined with respect
to Action Research (Järvinen, 2007; Iivari and Venable, 2009). Defining this research field through
antitheses often result in epistemological difficulties and in constraints that design oriented scholars
themselves soon tend to violate in their concrete work (Venable, 2010). One may have the impression
that so complicated efforts to say what design research is, and is not, often stem from the desire to
differentiate design research against its rivals in the “publish or perish” competition, than from proper
disciplinary needs.
In this paper, we will not try to define design-oriented research as “philosophically” opposed to
behavioral research, or as methodologically different from Action Research. Epistemological problems
and contradictions underlying the existing definitions of design oriented research will be addressed in
a forthcoming paper by one of the authors of this writing. Here, we will simply define design oriented
research in IS as a research approach in which scholars play an active role in the real-world sociotechnical modeling and design of an information system, and then have the possibility to study the
process from within. In other words, in this paper we do not define “design oriented research” on the
basis of its expected (or forbidden) outcomes, nor on the basis of its orientations, but simply on the
basis of the role of the researcher, who is author or co-author of the phenomenon being studied.
Clearly, this is a quite broad definition: according to it, even very different studies, such as for
example those based on a quantitative, engineering-based methods (Hevner et al., 2004), or on
interpretative (Niehaves, 2007) or strictly qualitative (Chen and Hirschheim, 2004) methods and
approaches, may be considered “design-oriented researches”, provided that they are rooted in the
direct participation of scholars in the design process. We are aware that this definition is not consistent
with the well-established tradition that links design oriented research to engineering and sciences of
the artificial (Hevner et al, 2004; Simon, 1996), but in this paper we are interested in highlighting all
the possible specific contributions of research “from within” the process of building a new information
system, independently from the research approaches or methods adopted, and without boundaries
constraining the actual wideness of the phenomenon.
We also deliberately avoid to use the term “artifact”, which is usually chosen to identify the typical
design research outcome, because, again, there is lack of consensus on what an IT artifact actually is
(Venable, 2006). Also in this case, some difficulties in effectively and serenely defining artifacts may
be due to some distorting effects of the competition with the rival approaches, and with behavioral
research mainly. In any case, whatever is the reason of the ambiguity of the concept of “artifact”, this
ambiguity exists, and we must avoid it because it would be counter-productive to our goals.

Under these assumptions, research activities are defined here as “design oriented” simply if
researchers are involved in the effort of building successful information systems. Along with this
general feature, design oriented research may have further purposes, that we synthesize as follows:
1. Contribute to a better general understanding of design/innovation processes (this goal is
shared with sister disciplines such as epistemology or management theories);
2. Develop, test and fine-tune general methods to improve design/innovation processes
(examples of sister disciplines: socio-psychology of innovation and creativity; change
management; project management);
3. Extract re-usable/discussable/testable knowledge from and about the specific design, intended
both as a real-world socio-technical artifact and as a real-world process.
If at least one of these three additional goals is successfully pursued in design oriented research, then
the outcome of the research is not only the artifact, but also a certain amount of scientific knowledge.
In this case, we propose that the design oriented research activity be more precisely defined as “design
science research”.
In this paper, we concentrate on design science research goal n. 3 only, i.e. on the extraction of
knowledge from and about the specific design, which is object of a design science research.
The Research Questions are the following:
a) What forms or types of knowledge can be produced during design processes?
b) How can design science research produce knowledge during design processes?
c) How can we define possible priorities for design science researchers as for “from-within”
knowledge extraction?
In Paragraph 2, we present a literature review on the issue of knowledge extraction during design
science research.
In Paragraph 3, we propose a simple general model to represent knowledge building and knowledge
destroying processes during designing and implementation activities.
In Paragraph 4, we seek to propose a framework describing the possible contributions to the build-up
of successful “from within knowledge” on the part of design science research. On the basis of the
analysed literature and of the model presented in Paragraph 3, we identify 8 possible different
contributions which design science can give to knowledge development. We argue that such
contributions are unlikely to be provided by mere designing activities, on the one side, and by mere
ex-post field research, on the other side: in other words, we state that unless a design process occurs
with the contribution of good design science, it is likely that a great amount of the knowledge
developed during the process gets lost.
In the Conclusions, we synthesize the answers we propose to the Research Questions.

2

KNOWLEDGE EXTRACTION DURING DESIGN RESEARCH: A
LITERATURE REVIEW

To assess the state-of-the art about the issue of knowledge extraction during design research, we chose
four very recent publications aimed at systematically review literature on IS design science research
approaches, purposes, methods and philosophical underpinnings (Offermann et al., 2010; Piirainen et
al., 2010; Venable, 2010; Samuel-Ojo et al., 2010).
We used the rich references included in these four writings to select a set of writings directly or
indirectly addressing our research question, i.e.: what forms of knowledge could/should design science
research produce, extract and make available? To do so, we sought to select, via backward search,
conceptual and methodological papers addressing issues such as: what is design science research?
What are its goals, its strategies, its outcomes?

After a backward search conducted from the four starting papers, and after both backward and forward
search conducted from the new writings identified by the first iteration, we found that even if there is
no consensus on design science epistemological status, expected outcomes and methodological
approaches, there is a certain consensus on what are the seminal writings addressing these issues.
The following writings, although representing different and sometimes competing views on what
design science is, are almost unanimously considered as seminal by the IS design science community:
Simon (1969 and following editions); Schön (1983); Nunamaker et al. (1991); Walls et al. (1992);
March and Smith (1995); Purao (2002); Rossi and Sein (2003), in acknowledged collaboration with
Purao; Hevner et al. (2004).
Moreover, we selected some other papers that, although not given the status of “seminal” by the
unanimous scholarly community, provide high-quality literature reviews or useful overviews,
proposals and insights on the disciplinary status of design science: Markus et al. (2002); Venable
(2006); Gregor (2006); Vaishnavi and Kuechler (2007); Niehaves (2007); Winter (2008); March and
Storey (2008); Purao et al. (2008).
We will now briefly synthesize the main positions on our Research Questions by the authors we
selected.
a) What forms or types of knowledge can be produced during design processes?
According to many authors, it is important to stress that design science research produces
knowledge which is intrinsically different from that produced during other types of research,
such as natural science research. For example, March and Smith (1995) in their widely cited
work say that design science research produces models, which are defined as proposals of
descriptions of how things are, in the form of problem-solution statements, but does not
produce theories, which are descriptions of how things are, just like models, but more indepth, more general, and truth-oriented. In other words, March and Smith state that it is
possible to clearly distinguish models and theories, and that theories are the province of
natural sciences: thus, design science should not deal with them. But other authors disagree
and say that, during design processes, problems concerning incompleteness and
ineffectiveness of existing theories are often detected and sometimes solved: thus, design
science should be encouraged to contribute to building better theories (Nunamaker, 1991;
Purao, 2002; Rossi and Sein, 2003). In particular, Rossi and Sein (2003) do not separate
design science from natural science, and explicitly identify theorizing as a key process in both.
On the contrary, other authors that admit theories as possible outcomes of design science
research tend to distinguish “design theories” from the classical notion of theory coming from
natural sciences. Walls et al. (1992) propose that an Information System Design Theory
(ISDT) “must deal with goals and contingencies” and “can never involve pure explanation or
prediction”: again, the recommendations about the expected outcomes of design science
research seem influenced by the desire to avoid overlappings with natural science/behavioral
research. Gregor (2006) develops a classification of five different types of theory based on
goals: (Type I) theory for analysing, (Type II) theory for explaining, (Type III) theory for
predicting, (Type IV) theory for explaining and predicting (EP), and (Type V) theory for
design and action. Type V theory is prescriptive in nature. Type V theory only, according to
Gregor, is applicable in the development of IS.

b) How can design science research produce knowledge during design processes?
Scholars agree that the systematic methods (e.g. the design circle: see Vaishnavi and
Kuechler 2004) with which design science research approaches the design challenge is
expected to result in better designs, and the rigorous documentation of the process is expected
to result in interesting knowledge available for the scholarly/practitioners communities. “We
propose that design research is distinguished from design by the production of interesting
(to a community) new knowledge.” (Vaishnavi and Kuechler 2004). Many seminal
writings tend to say that design science “addresses important unsolved problems in unique
or innovative ways or solves problems in more effective or efficient ways” (Hevner et al.
2004), whilst design practice is incapable to do so: quite surprisingly, both March and

Smith (1995) and Hevner et al (2004) assert that in the absence of design science research,
design practice merely uses or applies existing knowledge, to solve organizational
problems, without creating new knowledge. This seems quite a superficial statement, if we
think that many of the most important innovations in the IS field occurred outside design
science research, spurring from practice; as a matter of fact, some more thorough
reflections on what could be the specific contribution of design science to knowledge
creation may be advisable.
c) How can we define possible priorities for design science researchers as for “from-within”
knowledge extraction?
Authors focus on evaluations as the most valuable and specific contribution of design science
to the disciplinary knowledge base. “Explanations of how and why solutions work, while
important, aren’t the core issue. The fact (proven theory) that they do work and how well
is the issue. Indeed, we may well know that a solution works, but not know why or how
(e.g. as when penicillin was first discovered). This does not mean that we should not use
kernel theories when forming new design theories (or hypothesising them), just that they
aren’t a necessary part of design theories […] below are some prototypical (if simplified)
examples or forms of utility theories.(New) Technology X (when applied properly) will
help effectively solve problems of type Y; ( New) Technology X (when applied properly)
will efficiently provide improvements of type Y; ( New) Technology X (when applied
properly to problems of type Y) is more effective than technology Z” (Venable, 2006).
The deliverables identified by March and Smith (1995), i.e. constructs, models, methods,
instantiations, are used as a guideline for design science research by many design-oriented
scholars. Some scholars, after Nunamaker (1991); Purao (2002), and Rossi and Sein
(2003) include also the construction of better theories in their research priorities. A
simpler, more intuitive proposal is provided by Venable (2006): “First, it [design science
research] should produce guidelines and advice for practitioners that are clear and
complete enough to guide practitioners’ actions in choosing among different, competing
solutions/technologies and in implementing their choice. Second, it should produce clear,
precise, and complete statements of the knowledge created so that it can be tested and
enhanced by other researchers”.

3

KNOWLEDGE USE, CREATION, AND DESTRUCTION DURING
DESIGN PROCESSES

In this paragraph, we will present a simple model describing how knowledge may be collected, used,
created, but also neglected, destroyed and forgotten during and after design processes.
Our model is based on a view of design science that is similar to that of Purao (2002) and Rossi and
Sein (2003). We assume that design science is science tout court, and can contribute to mainstream
scientific debate, without confining itself to certain deliveries (e.g. problem-solution “models”)
because other deliveries (e.g. explanatory theories) are forbidden.
Evolutionary epistemology states that two main forms of knowledge are identifiable: we could call
them the capability to sense and the capability to respond (elaborated from Lorenz, 1973). For
example, a goose can sense that an eagle is in the sky, because it owns a highly abstracting model of
“eagleness”; and can respond with fear and escape, because innate instructors tell it to do so.
We define “capability to sense” the capability to understand the world: for example, what is this?,
what is happening?, why is it happening?, what are the possible developments of the situation?.
We define “capability to respond” the capability to organize resources to achieve a desired outcome
(this is similar to the definition of design provided by Hevner, 2004).
According to evolutionary epistemology, all successful learning processes, scientific research
included, imply an increase of the capability of sensing and/or of the capability of responding. The two

capabilities usually grow together, at least in the medium-long run, and it is almost impossible to
create the conditions to be sure that a certain learning process will enhance the capability to sense
only, or the capability to respond only. As a consequence, a design process, especially if it unfolds
throughout a long period of time, is very likely to produce also an increase of the capability to sense,
even if the initial intention was to increase the capability to respond.

Figure 1.

Learning processes as achievement of new capabilities to sense and new capabilities
to respond. Ideal learning process (left) and an example of real-world learning
process (right).

This model can be represented by a simple Cartesian plane, like shown in Fig. 1. For example,
Franklin's studies on lighting rods enhanced both his capabilities of sensing (what is electricity? What
happens when a lightning strikes?) and his capabilities of responding (how can I protect my house
from lightning?). These combined progresses may be represented by a line connecting the starting
point (the knowledge base) and the arrival point (the results of the research).
On the other hand, in almost all learning processes (design included) a certain amount of knowledge
produced during the process is considered useless for the more urgent needs at hand, and gets rapidly
lost; even more, after the need has been achieved (e.g. a successful tool has been designed and
realized) a certain amount of knowledge, e.g. on unsuccessful trial-errors before the convenient
solution was found, is forgotten. Then, in the real world, learning processes are more effectively
described by tsunami-like curves (fig. 1, right) than by straight lines (fig. 1, left).
Once achieved, knowledge acquired during design processes may be disseminated in several ways,
including for example war stories, traditions, rituals, or legends. If the design was carried out with a
scientific attitude, knowledge will be shared in the forms of explicit, testable theoretical systems and
of explicit, testable procedures.

4

POSSIBLE CONTRIBUTIONS OF DESIGN SCIENCE RESEARCH
TO KNOWLEDGE CREATION, EXTRACTION AND
EXPLOITATION

On the basis of the model outlined in Paragraph 3, we will now present eight possible actions of
design science researchers to contribute to knowledge creation, knowledge extraction and knowledge
exploitation.

Figure 2.

Design science researchers may contribute to add value to the design practice by
systematically investigating the state-of-the art before design process starts, so that
the starting point is better (left); and by investigating what factors influence the
quality of the initial knowledge base in the context at hand (e.g. habits, prejudices,
economic constraints, social phenomena…) (right).

Figure 3.

Design science researchers may contribute to add value to the design practice by
providing “outsider’s” additional knowledge during the design process, that may
fertilize the learning process (left); and by investigating what factors influence the
quality of learning process in the context at hand (e.g. habits, prejudices, economic
constraints, social phenomena…) (right).

Figure 4.

Design science researchers may contribute to add value to the design practice by
supervising the learning process so that neither the capability to sense nor the
capability to respond decrease during the process, for example because of the hurry
or because of the need to concentrate all forces on the realization of the desired tool
(left); and by carefully reporting, assessing and evaluating the “sense and respond”
capabilities achieved at the end of the design process (right).

Figure 5.

Design science researchers may contribute to add value to the design practice by
providing a careful documentation on, and dissemination of, the knowledge
achievement of the research: this may help in preventing that the produced knowledge
is forgotten or destroyed (left); and may provide valuable basis for further
investigations, be they conducted during a design activity, or not (right).

We then found eight possible contributions of design science research to knowledge creation,
extraction and exploitation during and after design processes. We summarize them as follows:
1. Systematic investigation of the state-of-the art before design process starts may significantly
help in enhancing the knowledge base on which the design builds (fig. 2, left).
2. Systematic investigation of factors that may influence the quality of the initial knowledge base
in the context at hand (e.g. habits, prejudices, economic constraints, social phenomena…) may
help in identifying possible initial biases and in comparing the specific design at hand to other
design processes focusing on similar goals, but starting in different contexts (fig.2, right).
3. Design science researchers may contribute to add value to the design practice by providing
“outsider’s” additional knowledge during the design process; this may fertilize the learning
process in a way that would be inaccessible to practitioners (fig. 3, left).
4.

Systematic investigation of factors that may influence the quality of the learning process in
the context at hand (e.g. habits, prejudices, economic constraints, social phenomena…) may
help in identifying possible weaknesses and in comparing the specific design at hand to other
design processes focusing on similar goals, but being conducted in different contexts (fig.3,
right).

5. A careful supervision of the learning process may help in preventing either the capability to
sense or the capability to respond from decreasing during the process, for example because of
the hurry or because of the need to concentrate all forces on the realization of the desired tool
(fig. 4, left).
6. A careful reporting, assessing and evaluating of the “sense and respond” capabilities achieved
at the end of the design process should be conducted. The assessment of the utility of the
design outcome (artifact) is not the only possible, and desirable, evaluation that may be
conducted in design science research: also new theories or new narratives may be produced,
and researchers should propose an evaluation for such outcomes (fig. 4, right).
7. A careful documentation on, and dissemination of, the knowledge achievement of the research
should be aimed also at preventing, in that it is possible, the natural phenomena of knowledge
loss that occur throughout time, after the design process is ended (fig. 5, left).
8. A careful documentation on, and dissemination of, the knowledge achievement of the research
should be aimed also at providing a valuable basis for further investigations, be they
conducted during a design activity, or not (fig. 5, right).

5

CONCLUSIONS

Scholars agree that design science research is different from design practice in that it is also aimed at
providing valuable knowledge, whilst design practice concentrates on making “something that works”
only (Baskerville, 2008).
We then tried to better understand what are the specific possible contributions of design science
research to develop valuable knowledge, which may be considered interesting by the community of
practice, on the one hand, and by the scholarly community, on the other hand.
We found that some traditional definitions of design science, saying that design science research
should produce prescriptive/procedural knowledge only, are quite limiting and may result in a
detrimentally partial exploitation of all the potentialities of design as a learning process. We think that
design science researchers may choose to concentrate on artifact evaluation or on prescriptive
knowledge only, but this choice is not a disciplinary “must”.
We built upon Purao (2002) and Rossi and Sein (2003) and we borrowed some basic concepts from
evolutionary epistemology to build a simple model through which design may be seen as a learning
process, independently from what system or tool or instantiation (March and Smith, 1995) is being
designed. This model assumes that is quite unlikely that during a learning process only procedural

learning (i.e., in evolutionary terms, capability to respond to a need) is produced: in most real-world
learning processes, design included, the capability to sense and of the capability to respond usually coevolve (Lorenz, 1973).
On the basis of this model, that sees design as a learning activity and describes learning as an
improvement of the sense-and-respond capabilities, we propose our answers to the Research
Questions:

a) What forms or types of knowledge can be produced during design processes?
During design processes, both the capability to sense and the capacity to respond may be
enhanced. During a design process, the amount of knowledge gathered, produced and used is
normally larger than the strictly necessary. This overabundant knowledge is easily loss (e.g.
forgotten, or destroyed) if the only goal of the design process is “to make something that
works”.
Once knowledge is enhanced, be it capability to sense or capability to respond, it may be
stored and made available in many forms, both implicit (e.g. habits, prejudices, narratives,
fears…) and explicit (procedures, evaluations, theories…).
b) How can design science research produce knowledge during design processes?
We proposed eight possible contributions of design science research to knowledge production,
knowledge extraction and knowledge exploitation. We sought to demonstrate that design
science researchers may play an irreplaceable role in enhancing the awareness of context
factors, in providing a high-quality knowledge base, in protecting (overabundant) knowledge
from loss and in making the corpus of knowledge created during the design process available
for further build-up of sense-and-respond knowledge.

c) How can we define possible priorities for design science researchers as for “from-within”
knowledge extraction?
The eight possible (not compulsory!) contributions of design science to knowledge building
may be read also as a simple checklist to choose research priorities, especially in those design
contexts where the resources for reporting on the design process and for extracting
overabundant knowledge are limited. In such cases, the researcher should carefully assess
whether concentrate on studying the design context (contributions n. 2 and 4), or on gathering
new knowledge to enrich the knowledge base (contributions n. 1 and 3), or on preventing
knowledge loss and protecting overabundant knowledge (contributions n. 5 and 7) or on
carefully measuring and documenting the acquired knowledge to provide a sound basis for
further studies (contributions n. 6 and 8).
The model we proposed here stems from theoretical work and from the personal experience of the
authors. Further steps of our work may usefully include possible fine-tuning and improvement of our
model, on the one hand, and testing of the final, refined model, on the other hand. Further research
steps may, then, usefully include:
- Purposeful sampling of writings describing design-oriented researches; document analysis to
understand actual processes of knowledge production by the design-oriented scholarly community;
forward literature search, to assess whether, and to what extent, behavioral (or constructivist) IS
literature borrows knowledge from design-oriented publications to build upon;
- Purposeful sampling of design-oriented researchers; interviews to understand actual processes of
knowledge production by the design-oriented scholarly community, and to collect comments on our
model;
- Purposeful sampling of behaviorist (quantitative) and constructivist/interpretivist (qualitative)
researchers; interviews/surveys to understand how design-oriented research could propose outcomes
which are more widely perceived as interesting for theory building and theory testing by the wider IS
community.
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